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Background: In individuals severely affected with Duchenne muscular dystrophy (DMD), 
virtual reality has recently been used as a tool to enhance community interaction. Smartphones 
offer the exciting potential to improve communication, access, and participation, and present 
the unique opportunity to directly deliver functionality to people with disabilities.
Objective: To verify whether individuals with DMD improve their motor performance when 
undertaking a visual motor task using a smartphone game.
Patients and methods: Fifty individuals with DMD and 50 healthy, typically developing (TD) 
controls, aged 10–34 years participated in the study. The functional characterization of the sample 
was determined through Vignos, Egen Klassifikation, and the Motor Function Measure scales. 
To complete the task, individuals moved a virtual ball around a virtual maze and the time in 
seconds was measured after every attempt in order to analyze improvement of performance 
after the practice trials. Motor performance (time to finish each maze) was measured in phases 
of acquisition, short-term retention, and transfer.
Results: Use of the smartphone maze game promoted improvement in performance during 
acquisition in both groups, which remained in the retention phase. At the transfer phases, with 
alternative maze tasks, the performance in DMD group was similar to the performance of TD 
group, with the exception of the transfer to the contralateral hand (nondominant). However, 
the group with DMD demonstrated longer movement time at all stages of learning, compared 
with the TD group.
Conclusion: The practice of a visual motor task delivered via smartphone game promoted an 
improvement in performance with similar patterns of learning in both groups. Performance can 
be influenced by task difficulty, and for people with DMD, motor deficits are responsible for the 
lower speed of execution. This study indicates that individuals with DMD showed improved 
performance in a short-term motor learning protocol using a smartphone. We advocate that this 
technology could be used to promote function in this population.
Keywords: motor skills, physical therapy, cell phone, virtual reality exposure therapy, transfer 
of learning
Introduction
Duchenne muscular dystrophy (DMD) is a genetic disease resulting from the mutation 
of the Xp21 gene, which causes lack of the protein dystrophin in the muscle fiber 
membrane and generates progressive and irreversible weakness of skeletal, cardiac, 
and respiratory muscles.1–3 It is gender specific in adversely affecting only males, and 
its incidence is ~1 in 3,500 live male births.4
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Males affected by DMD have severe motor limitations 
and physical disabilities that lead to wheelchair dependency 
and the need for assistance in carrying out simple day-to-day 
activities.5,6 The progression of these limitations develops 
from the lower to upper body segments and in a proximal 
to distal direction.7
A recent and rapidly accruing body of research has 
considered motor skill tasks for people with DMD. Studies 
include those designed to improve walking in children with 
DMD,8,9 exercise effects in muscle disuse and functionality,10 
quality of life,11 clinical evaluations of upper limb motor 
function,12 gross motor function and functional disability in 
mobility, self-care, and social function.13,14 There has been 
a paucity of studies focusing directly upon motor skill tasks 
to enhance upper limb function in DMD.
This is surprising given that Wagner et al15 emphasize that 
most adults with DMD have limited motor skills, but some 
muscles of the upper limbs, especially the finger flexors, can 
be preserved to maintain important skills such as controlling 
a joystick on a wheelchair, playing video games, and using 
a computer. Thus, with the continuous improvement in life 
expectancy through medical advances,16 upper limb function 
deserves specific attention in rehabilitation and research pro-
grams in order to prolong independence and quality of life.
For the people severely affected with DMD, technological 
developments with computers and virtual reality (VR) offer 
potential for previously unavailable activities that confer 
greater opportunities to interact with the community. 
Hashimoto et al,17 for example, used a VR task through a 
brain–computer interface device in order to facilitate interac-
tion between an individual with severe impairments caused 
by muscular dystrophy and other people. Their findings 
illustrate how VR can be beneficial to people with motor 
limitations: people with DMD were able to communicate in 
a virtual world in the same way as healthy individuals when 
using the correct equipment for their needs.
In subsequent work, Burgstahler et al18 discuss how touch 
screen devices enable greater functionality for individuals 
with muscular dystrophy. The authors consider that smart-
phones and computers enable people with disabilities to 
maximize independence, productivity, and participation in 
academic programs, jobs, recreational activities, and other 
activities.18 Further, smartphones enable improved function 
for people with DMD through utility features such as size, 
ease and convenience in transportation, flexibility in use, and 
utilization of distal body structures.
In considering individuals with DMD and the human–
technology interface, individuals with DMD are likely to 
have sufficient functional skills of hands for the use of 
keyboards or standard mouse, as shoulders and elbows are 
commonly the upper limb areas most affected.19,20
This study aimed to explore whether people with DMD 
will improve in motor performance when using a smartphone 
game. To answer this question, we set up a motor learning 
protocol with a smartphone maze task for a group of people 
with DMD and a control group of people with typical devel-
opment. According to Souza et al,21 maze tasks utilize impor-
tant aspects of planning, execution, spatial organization, and 
implicit memory, which involve operation of the intention 
to move to achieve a goal and planning of this action. Maze 
tasks have been used in Down Syndrome by Menezes et al22 
and Possebom et al23 using smartphone and computer, respec-
tively. In both studies, the maze task was found to be appro-
priate for the motor capacity of the individuals with Down 
Syndrome, although performance was reduced compared 
to age-matched control group. The study sample was able 
to improve and retain performance on the task. In another 
study, the maze task was also used successfully in assisting 
individuals with cerebral palsy.24 We, therefore, consider 
that, the use of a maze task to assess motor learning using a 
smartphone is potentially viable as a training technique to 
improve motor performance.
In support of our position, we note that Malheiros et al25 
used a maze task to assess motor learning using a computer. 
The authors evaluated 42 individuals with DMD and stated 
that practice in a maze computational task promoted improve-
ment in performance, although individuals with DMD had 
reduced movement response speed, compared to an age-
matched control group.
In summarizing the above research, we note that individu-
als with DMD are able to learn and benefit from a maze task 
using a computer, but reasonable distal upper limb movement 
is needed in performing such tasks. Studies to date have not 
utilized a maze task on smartphones in populations with 
DMD, although the work of Burgstahler et al18 provides a 
clear rationale for the use of such technology. It is also the 
case that little is known about how well transfer of perfor-
mance may be influenced by maze design.
In this study, we aimed to investigate whether individuals 
with DMD are able to improve in motor performance during 
a maze task on a smartphone. To answer this question, we set 
up a task that required the individuals with DMD to move the 
smartphone in order to direct a ball in a three-dimensional 
(3D) virtual environment along a path to reach the intended 
target using a short-term motor learning protocol. The aim 
of the game was to perform the task in the shortest time 
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possible. It was hypothesized that 1) both experimental and 
control groups would present performance improvement after 
several attempts in the acquisition phase, would be able to 
retain the performance level acquired in a short-term reten-
tion phase, would transfer learned performance with changes 
and 2) the control group would perform better at all stages 
of the protocol.
Participants and methods
Participants
The study was conducted at the Brazilian Muscular Dys-
trophy Association located in São Paulo/SP (experimental 
group). One hundred males aged 10–34 were evaluated after 
recruiting them for the study. Of these, 50 individuals with a 
diagnosis of DMD were selected for the experimental group. 
Individuals were considered eligible for the DMD group 
if they had a confirmed diagnosis for DMD by molecular 
method and/or protein expression in skeletal muscle and 
there was absence of joint deformities that could impede 
the execution of movements needed to perform the task, 
such as contracture with total flexion of wrist and fingers 
and pronation of the forearm, as well as lack of strength to 
maintain the head bending over to follow the ball’s movement 
on the smartphone.26 Individuals who did not complete or 
understand the task were excluded. We assessed 50 healthy, 
typically developing (TD) males who were recruited to the 
control group, and were matched for age and were without 
any physical conditions affecting posture and movement 
(Figure 1). This study was approved by the Ethics Committee 
of the Faculty of Medicine, University of São Paulo (CAAE: 
22768513.2.0000.0065).
Individuals of both DMD and TD groups were divided 
into two subgroups: Group 1 (n=25) and Group 2 (n=25); 
the design of the study is shown in Figure 1. Group 2 used 
a maze pattern that was the same pattern used in Group 1, 
but inverted horizontally and vertically in all phases of the 
experiment in order to counterbalance presentation effects 
(essentially, the use of opposite mazes became necessary to 
ensure that the movement sequence within the maze path did 
not influence performance). Stoddard and Vaid27 also con-
ducted research with maze and proposed different changes in 
the task of design to see if the movement pattern would not 
be the factor responsible for the improved performance.
To maintain the characteristics of random sampling, 
where each individual had an equal chance of participating in 
the groups, we used simple random probabilistic sampling28 
by randomly drawing lots with paper.
All individuals of legal age were asked to sign an informed 
consent form, and minors were given a similar consent agree-
ment, along with the informed consent, which was signed by 
parents or guardians.
The functional clinical characterization of the individu-
als with DMD was assessed by the Vignos and Archibald 
scale,29 Egen Klassifikation scale (EK),30 and Motor Function 
Measure (MFM) scale.31 These have been validated and can 
sensitively evaluate functional impairment in neuromuscular 
diseases. The characterization of individuals is presented 
in Table 1.
The Vignos is one of the most widely used scales to 
evaluate the functionality in neuromuscular diseases due to 
its easiness and simplicity in analysis of muscle performance 
overall, and EK was specially developed to measure the 
degree of functional impairment in activities of daily living 
of patients with DMD.5,30
The MFM scale was used to analyze the functions of 
head, trunk, proximal and distal segments of limbs in static 
and dynamic evaluations. It is divided into three dimen-
sions: Dimension 1 (D1): standing position and transfers; 
Dimension 2 (D2): axial and proximal motor function; and 
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Figure 1 study casuistic and composition of groups.
Notes: TD: group with TD; DMD: group with DMD.
Abbreviations: DMD, Duchenne muscular dystrophy; TD, typical development.
Table 1 characterization of the sample (mean ± sD)
Variables TD DMD P-value
TD1 TD2 DMD1 DMD2
age (years) 17.1±4.3 17.4±4.4 17.1±5.3 17.2±4.7 0.475
MFM-total (%) – – 49.7±17.7 47.2±20.8 0.413
MFM-D1 (%) – – 11.4±19.9 14.3±24.2 0.244
MFM-D2 (%) – – 67.8±26.7 64.2±27.4 0.319
MFM-D3 (%) – – 79.0±17.9 80.7±13.2 0.328
eK scale – – 8.6±6.3 8.6±6.2 0.435
Vignos – – 6.4±2.3 6.3±2.2 0.441
Notes: For differences between DMD groups, student’s t-test was performed 
(P,0.05). TD: group with TD (matched for age with DMD group); DMD: group 
with DMD. MFM-D1, D2, and D3 indicate scores in the first, second, and third 
domains of MFM scale, respectively.
Abbreviations: DMD, Duchenne muscular dystrophy; EK, Egen Klassifikation; 
MFM, Motor Function Measure; sD, standard deviation; TD, typical development.
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Dimension 3 (D3): distal motor function. The lower the 
score an individual obtains on the scale, the worse is his/her 
functional picture.31
Procedure
In the data collection phase, a smartphone game called 
Marble Maze Classic® was used with a Nokia® smartphone, 
model Nokia 500 (height: 111.3 mm, width: 53.8 mm, thick-
ness: 14.1 mm, weight: 94 g, screen size: 3.2″). The game 
required individuals to navigate with a virtual ball through 
a path maze with the goal of reaching a final target in the 
shortest time possible. The task simulated a wooden table 
with walls that defined the path of the maze and the virtual 
ball travels by means of movements performed by the hand 
holding the smartphone (Figure 2).
Two different customized labyrinths were used in the 
acquisition phase. The customization of labyrinths was car-
ried out by researchers before the start of the study, by placing 
walls in order to trace the path to be traveled by the ball.
Each labyrinth path was unique, but there was only one 
possibility of continuity of the route. Thus, the route to be 
held by the ball was the same in all trials, at the same phase 
of protocol. The time taken to move the virtual ball through 
the maze path until its arrival at the final stop was timed and 
displayed to the player at the end of the game. Before starting 
the task, the operation of the game was verbally explained, 
along with a demonstration made by the examiner. At this 
point, the need to perform the maze as fast as possible 
was reinforced.
Task
The task was made up of three phases: the acquisition phase, 
the short-term retention phase, and the transfer phase. For the 
learning protocol, individuals performed 30 trials of the task 
in the acquisition phase with the dominant hand. After the 
acquisition phase, there was a 5-minute rest, during which the 
individual had no contact with the task. Then, the individuals 
were asked to complete five trials in the short-term retention 
phase using the same maze of acquisition. For the transfer 
phase, there were 15 trials, divided in three different tasks:
•	 Transfer 1: used a maze with a path that had a totally 
opposite layout (inverted vertically and horizontally) to 
the acquisition maze (five trials);
•	 Transfer 2: the same maze of acquisition to be carried 
out with the nondominant hand (five trials);
•	 Transfer 3: the same maze of acquisition with the start 
and end points inverted (five trials).
The protocols were the same for both groups; however, 
the labyrinths used were different (Table 2).
Data analysis
The dependent variables used were movement time in 
seconds taken to move through the maze in each trial of the 
acquisition, short-term retention, and transfer phases, and 
data were analyzed in blocks, based upon the five trials.
The movement time was defined as the time to finish 
the maze task. The dependent variables were submitted to 
a 2 (group: DMD, TD) by 2 (maze type: maze A, maze B) 
by 2 (block) analysis of variance with repeated measures on 
the last factor. For the factor block, separate comparisons 
(contrasts) were made for acquisition (first acquisition block 
A1 versus final acquisition block A6), short-term reten-
tion (A6 versus retention block R), and transfer (R versus 
transfer block T1, R versus transfer block T2, and R versus 
transfer block T3). Post hoc comparisons were carried out 
using Tukey honest significant difference test (P,0.05). The 
statistical program used was SPSS (Statistical Package for 
Social Sciences), version 20.0.
Results
acquisition
The pattern of movement time is illustrated in Figure 3. Sig-
nificant effects were found in the predicted direction for 
block, (A1–A6), F(1, 95) =97.2, P,0.001, I2=0.51, and 
group, F(1, 95) =64.7, P,0.001, d2=0.41. These results sug-
gest that the individuals decreased in movement time from A1 
(M=6.3 s) to A6 (M=5.2 s). As hypothesized, the DMD group 
had a much larger movement time (M=7.0 s) than the TD 
group (M=4.5 s). Interactions between block and group were 
Figure 2 labyrinths used for the stages of acquisition, short-term retention, and 
transfer.
Notes: Maze a: used in acquisition and in transfer 2 for groups DMD1 and TD1 and 
in transfer 1 for groups DMD2 and TD2; Maze B: used in acquisition and transfer 2 
for groups DMD2 and TD2 and in transfer 1 for groups DMD1 and TD1; Maze c = 
used in transfer 3 of groups DMD1 and TD1; Maze D = used in transfer 3 of groups 
DMD2 and TD2. 
Abbreviations: DMD, Duchenne muscular dystrophy; TD, typical development.
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found, F(1, 95) =6.28, P=0.014, ŋ2=0.06. Post hoc analyses 
failed to identify the differences between block A1 and A6 
in the DMD group (mean 7.7 and 6.3, respectively), and the 
TD group (mean 4.9 and 4.1, respectively).
short-term retention
There were no effects or interactions of block for the short-
term retention test. However, a main effect for group was 
found, F(1, 95) =66.9, P,0.001, ŋ2=0.41. This result shows 
that the movement time was larger (M=6.3 s) in the DMD 
group than in the TD group (M=4.1 s).
Transfer with opposite maze (T1)
Significant effects were found for block, F(1, 96) =17.7, 
P,0.001, ŋ2=0.16, and group, F(1, 96) =96.2, P,0.001, 
d2=0.50. This result suggests that the individuals increased in 
movement time from R (M=5.2 s) to T (M=5.7 s); in addition, 
the DMD group had a much larger movement time (M=6.7 s) 
than the TD group (M=4.3 s). Interactions between block by 
maze type, F(1, 96) =33.1, P,0.001, ŋ2=0.26, were found. 
Post hoc testing indicated that in maze A, there was a signifi-
cant increase from block R (M=5.0 s) to block T (M=6.1 s); 
for maze B, this difference was not significant (M=	from 5.5 
to 5.3 s, respectively).
Transfer with nondominant hand (T2)
Significant effects were found for block, F(1, 96) =23.1, 
P,0.001, ŋ2=0.19, and group, F(1, 96) =90.3, P,0.001, 
d2=0.48. This result suggests that the individuals increased 
the movement time from R (M=5.2 s) to T (M=6.0 s); in 
addition, the DMD group had a much larger movement 
time (M=7.0 s) than the TD group (M=4.2 s). Interac-
tions between block and group, F(1, 96) =6.89, P,0.001, 
ŋ2=0.19, were found. Post hoc testing showed that just 
the DMD group increased in movement time from block 
R (M=6.4 s) to block T (M=7.6 s); for the TD group, this 
difference was not significant (M=	 from 4.1 to 4.4 s, 
respectively).
Transfer with exchange start–final (T3)
Similarly, to transfer with the opposite maze, significant 
effects were found for block, F(1, 96) =16.5, P,0.001, 
ŋ2=0.15, and group, F(1, 96) =103.1, P,0.001, ŋ2=0.52. This 
result suggests that the individuals increased the movement 
time from R (M=5.2 s) to T (M=5.6 s); in addition, the DMD 
group had a much larger movement time (M=6.6 s) than the 
TD group (M=4.2 s). Interactions between block by maze 
type, F(1, 96) =30.5, P,0.001, ŋ2=0.24, were found. Post hoc 
test showed that just in maze A, there was a significant 
increase from block R (M=5.0 s) to block T3 (M=5.9 s); for 
maze B, this difference was not significant (M=	from 5.5 to 
5.3 s, respectively).
Table 2 experimental design of motor learning protocol
Groups Acquisition Short-term 
retention
Transfer 1 Transfer 2 Transfer 3
DMD1
TD1
Maze a
(30 trials)
Figure 2a
Maze a
(5 trials)
Figure 2a
Maze B
(5 trials)
Figure 2B
Maze a
Nondominant hand (5 trials)
Figure 2a
Maze c
start/end inverted (5 trials)
Figure 2c
DMD2
TD2
Maze B
(30 trials)
Figure 2B
Maze B
(5 trials)
Figure 2B
Maze a
(5 trials)
Figure 2a
Maze B
Nondominant hand (5 trials)
Figure 2B
Maze D
start/end inverted (5 trials)
Figure 2D
Notes: TD: group with TD; DMD: group with DMD.
Abbreviations: DMD, Duchenne muscular dystrophy; TD, typical development.
Figure 3 graphical representation of the means and standard errors of the blocks 
of trials in TD and DMD groups.
Notes: Each block refers to a set of five trials. A1–A6: blocks of acquisition phase; 
r: block of short-term retention test; T1: block of transfer with opposite maze; 
T2: block of transfer with nondominant hand; T3: block of transfer with exchange 
start–final. Groups that performed maze A on acquisition: DMD1 and TD1. Groups 
that performed maze B in acquisition: DMD2 and TD2.
Abbreviations: DMD, Duchenne muscular dystrophy; TD, typical development.
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regression analysis
In order to determine which factors influenced the degree 
of learning during practice for the DMD group, a regres-
sion analysis was performed between the improvement of 
movement time from the first to the last practice block (Δ) 
and age, MFM-total, MFM-D1, MFM-D2, MFM-D3, EK, 
Vignos, and block A1. Regression analysis revealed a sig-
nificant finding, F(8, 46) =3.27, P=0.006, r2=0.41, resulting 
in the following equation: improvement =0.168×	MFM-D1 
and 0.401×	A1. In other words, the score in the first domain 
of the MFM scale and the movement time in the first practice 
block predicted the degree of learning.
Discussion
In this study, we found that, through maze game practice on 
a smartphone, there was improved performance on the visual 
motor task of moving a virtual ball around a virtual maze. This 
was evidenced by the decrease in the movement time from the 
first to the last block in the acquisition phase and the mainte-
nance of performance at the retention phase in all groups.
While considering the performance of individuals with 
DMD in undertaking the basic task, we found that they were 
able to improve their performance with training and adapt to 
the task, that is, they improved more in the first 15 attempts 
(blocks A1–A3; Figure 2) and after that, they maintained 
the good performance acquired, with a little improvement. 
Regression analysis indicated that the first dimension of 
the MFM scale (which assessed the standing position and 
transfers) was positively associated with improvement in per-
formance on the smartphone (ie, higher difference between 
the first – A1 and the last block of acquisition – A6). This 
result suggests that the less affected the function of trunk 
for transfers, the greater the improvement in performance. 
In addition, the significant finding that A1 positively influ-
enced performance between A1 and A4 suggests that more 
improvement is possible when the baseline time to finish 
the task was quicker. On one hand, this indicates that better 
functionality leads to better performance improvement.25
More generally, the results illustrate that despite physical 
disabilities, people with DMD are capable of utilizing a 
smartphone and can benefit from such activity to improve 
motor performance. Our view is consistent with a previous 
report by Jover et al7 who ascribe to the view that smartphones 
are likely to convey increasing adaptive and motor benefits 
with technological development for disabled populations.
Studies involving motor learning in DMD are recent and 
have sought to understand how the learning process occurs 
in these people. In a recent review of the literature,32 results 
which demonstrate that people with DMD maintain motor 
learning patterns even with the progression of the disease 
were found; however, other variables are likely to be partial 
in understanding the resilience of motor learning patterns. 
Such variables include cognitive ability, deterioration of the 
motion perception process, and movement impairment in 
motor learning for people with DMD, for example.
Performance improvement in all groups in the acquisition 
and retention phases and the similar pattern in performance 
between the DMD and TD groups were interesting observa-
tions. To this extent, differences observed from the group 
comparisons (TD compared to DMD) are more effectively 
explicated as a result of shorter movement time in all phases 
of the protocol for the TD group. Other studies of motor 
learning in DMD are consistent with the finding that people 
with typical development have better performance compared 
to people with DMD.32,33 Studies with this population have 
concluded that this is likely related to muscle dysfunctions 
that affect motor performance.5,7
Recent studies on dexterity and speed in manual tasks 
with populations affected by neurologic diseases indicate 
that directly proportional relationships exist between motor 
control, manual dexterity movement speed, and muscle 
strength DMD.34–36
While considering motor performance in people with 
DMD, there is a positive correlation between muscle weak-
ness and loss of function in this group, which causes an 
increase in the time to perform the motor skills.8,37 In DMD, 
this may occur through reduced nervous conduction velocity 
of the muscle fiber,38,39 which leads to a delay in the propaga-
tion of excitation, by delaying muscle fiber contraction time.40 
In addition, there is evidence of fine motor impairment in 
these individuals,41 particularly in relation to the number of 
skeletal muscle fibers (type II) used in specialized contrac-
tion and rapid movement, these fibers are severely affected 
in DMD.42
Bartels et al20 report on the relationship between age 
and the distal upper limb motor function in DMD, predomi-
nantly between 20 and 30 years of age. With advancing age, 
the global motor function is severely impaired and great 
variability can be found in the distal motor function, muscle 
strength, and range of motion of the upper limbs. Mattar and 
Sobreira43 indicate that the strength of the hands in individuals 
with DMD decreases with age and is significantly different 
compared to the control groups. Despite such age-associated 
effects, in our study, regression analyses indicated that this 
relationship had no apparent effect on performance of the 
motor response. Further, while exploring the relationship 
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between motor function and performance on the task, we 
similarly found no relationship between the functionality of 
the hands (Dimension D3 of MFM) and performance. On this 
basis, we can speculate that hand and wrist movements are 
still functional with a score of 80% on average (MFM-D3). 
Probably because they needed to use distal movements (wrist 
and/or fingers) to complete the task as an inclusion factor, the 
severely affected patients were not included in this study.
However, we do report a positive relationship between the 
Dimension D1 of the MFM, referring to the activities of trans-
fer and postural transitions and improved performance. This 
indicates that the task executed on the smartphone required a 
function of the muscles of the body responsible for standing 
position and transfer, which interfered with the performance 
of people with DMD. Here, we are of the preliminary opinion 
that standing and transfers function, mainly, the capacity to 
stabilize the trunk, was not only responsible for enabling 
the upper member supports, but also essential in moving the 
cell, allowing the head to directly look at the screen. Thus, 
weaker trunk muscle function generates a worse performance 
in mobile handling. We speculate that this might also account 
for the poorer performance of the DMD group.
Aside from muscle disorders, neurologic deficiencies 
and neurochemical function could also influence changes in 
movement control in DMD.2,6,44,45 Gao et al46 and Cyrulnik 
et al,45 for example, report that the absence of dystrophin in 
the cerebellum, which is involved in controlling the speed 
and accuracy of movements, based upon discriminatory and 
sensory information is a factor. Winstein et al47 and Witney 
et al48 have focused instead more exclusively upon the motor 
cortex, noting that the motor cortex is essential in agile and 
precise manipulation of objects. In support, there are reports 
that individuals with DMD present reduced motor cortex 
excitability and impaired bilateral manual dexterity.49
Regarding learned-transfer results, we observed that the 
design of the maze influenced the performance for the TD and 
DMD groups. In the transfer test for the opposite maze (T1) 
and for transfer with exchange start–final (T3), the groups 
that performed maze A on acquisition (DMD1 and TD1) 
were unable to transfer performance. However, the groups 
that performed maze B (DMD2 and TD2) in acquisition were 
able to transfer. Thus, the groups that performed the maze B 
transferred to maze A, but the groups that practiced maze A 
did not transfer to maze B. This indicates that maze B is 
probably more difficult.
We can speculate that the movement pattern helps or 
hinders the performance of the proposed task function in both 
the DMD and TD groups. In maze B, the part of the path in 
which the ball should move from bottom to top (third move-
ment) was performed with supination of the forearm, wrist 
extension and ulnar deviation, which characterizes a pattern 
of movement more difficult compared to maze A, in which 
the ball should move from top to bottom (third movement), 
which demands pronation of the forearm, wrist flexion with 
ulnar deviation – a more physiologic movement (Li et al50 
and O’Sullivan and Gallwey51). In the case of individuals 
with DMD, another factor in the difficulty of performing the 
maze is the presence of muscular contractures, especially in 
the upper limbs, as this compromises the supination move-
ments of the forearm, as well as the movements of wrist 
extension.52,53
Limitations
The current study has some limitations. The mazes used were 
relatively simple and because correlations were not under-
taken between the tasks and existing neuropsychological 
measures, we are uncertain of the extent of cognitive demand. 
The range of movement was not measured to better character-
ize the extent of joint deformities. In future work, it would 
be useful to screen the samples for neurocognitive function 
and the range of movement of the upper limb to group them 
accordingly. We also note that the range of executive func-
tions that are involved in maze tasks could also be an area 
where further understanding is needed.
Conclusion
We conclude that the practice of a visual motor task in mobile 
game promoted improvement in performance during the 
acquisition of the game in groups with DMD and TD. 
Furthermore, this improvement remained in the phases of 
retention and transfer, showing similar learning patterns for 
both groups.
For people with DMD, at all stages of the experiment, the 
time of movement was greater compared to the TD group, 
since the motor deficits are responsible for the slower speed 
of the task. However, this does not appear to represent an 
impediment to the use of smartphones to support the use of 
upper limb movement for this population of young people.
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